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[57] ABSTRACT 

An in-service line monitoring technique to detect and 
isolate marginal and failed digital transmission equip- 
ment within a digital telecommunication system having 
at least two end terminals. At selected terminal and 
repeater locations, a digital error detector monitors the 
bit error rate for each location. The detected BER is 
truncated to include at least the most significant digit 
and the exponent of the BER. The truncated BER is 
stored and then encoded for transmission back to the 
command center usually located at an end terminal. At 
the one end terminal the encoded BER is stored and 
displayed upon request. By being able to monitor the 
truncated BER at any location or direction, mainte- 
nance personnel are able to determine when a link in the 
system is beginning to deteriorate well before a com- 
plete path failure occurs. 

10 Claims, 2 Drawing Figures 
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end terminals. At selected terminal and repeater loca- 

DIAGNOSTIC TECHNIQUE FOR DETERMINING tions, a digital error detector monitors the bit error rate 

FAULT LOCATIONS WITH IN A DIGITAL for each location. The detected BER is truncated to 

TRANSMISSION SYSTEM include at least the most significant digit and the expo- 

5 nent of the BER. The truncated BER is encoded for 

BACKGROUND OF THE INVENTION transmission back to the command center usually lo- 

1. Field of the Invention cated at &n end terminal. At the one end terminal the 
This invention relates to digital telecommunication encoded BER is stored and displayed upon request By 

systems and more particularly to an in-service line mon- being able to monitor the truncated BER, maintenance 
itoring technique to detect and isolate marginal and 10 personnel are able to determine when a link in the sys- 
failed digital repeatered sections in a digital transmis- tern begins to deteriorate well, before a complete path 
sion system. This patent application is related to appli- failure occurs. And, in a system with multiple repeat- 
cation Ser. No. 777,802, filed Sept 19, 1985, and is ered sections, the ability to determine the approximate 
assigned to the same assignee as the present application. BER of each repeatered section permits maintenance 

2. Background Description 15 personnel to immediately determine which section is 
Digital error detectors, spaced along a digital repeat- deteriorating or has failed. 

ered transmission system, usually detect errors by de- 
tecting coding violations in the digital line signal. The BRIEF DESCRIPTION OF THE DRAWINGS 
number of coding violations in any given period of time For a better understanding of the invention as well as 
can be and usually is translated into a bit error rate 2° other objects and further features thereof, reference is 
(BER). The BER is a measure of error density, i.e. nmde to the following description which is to be read in 
number of errors/the total number of bits measured. conjunction with the accompanying drawings wherein: 
For example, a BER of 1 X 10- 7 would indicate an error nQm u comprised of FIGS. 1A and IB, is a block 
every 10 million bits measured The BER is a very ^gram ^ illustrating a digital repeatered trans- 
meaningful measure of the performance of a digital 25 ^^^^1^^^^^^^^ 
transmission isystem. And, it m an exceUent niamteiiance diatc repeater stations (2 ^ 3) and an East Terminal 
and diagnostic tool since anything which may affect the m A ;ii„o*«*;„„ ^„a^ 

quality of the transmitted signal will affect the BER. (4) / TJf^ V , ""T chan ' 

^L^Jw*™7^ nel a 11 * 1 fi ER detection elements at a master location 

Error detectors monitor the operation of each span in H i^ Q t^ 

a digital system by checking the BER. Such detectors 30 a slavc locallon - 

usually have an internal alarm threshold level setting DETAILED DESCRIPTION OF THE 

(often IX IO- 5 or 1x10-*). When this BER is ex- INVENTION 
ceeded, an alarm indicative of unacceptable transmis- n r . J . . f 

sion is sent back to a master station over a return path Refemn S n ° w *? FIG * }> a transmission sys- 

service channel of the transmission system. In fully 35 **** 13 generally shown along with error monitoring 
redundant systems, the alarm signal causes the system to a PP aratus which illustrates the instant invention. West 
take appropriate action automatically by switching the Terminal 1 consists of a PCM (pulse code modulation) 
effected traffic to a spare link or by otherwise removing cam™ digital multiplexer 5, a digital demultiplexer 6, a 
the failed span from service. digital tenninal 7, and a transmitter/receiver micro- 

While this technique is effective, there are inherent 40 wave system 8. Although a microwave radio 
drawbacks. The alarm condition is reported only after system is illustrated, the instant invention is applicable 
the system transmission quality deteriorates beyond *° digital transmission system having a bit error rate 
acceptable limits. Thus, the BER information transmit- monitor, and therefore, an optical fiber system could be 
ted prior to the alarm signal may itself be faulty unless use ^* 33 opposed to the microwave radio link shown (if 
the failure has occurred in only one direction. Further, 45 toe appropriate changes were made to the digital trans- 
once the system deteriorates to unacceptable limits, mission carrier (equipment). Intermediate repeater sta- 
maintenance personnel must proceed step-by-step to ^ons 2 and 3 may consist of straight through repeaters 
locate the specific link or maintenance section in the (as shown in FIG. 1.), drop repeaters, or a terminating 
repeated system that has failed. It would be preferable office with some through channels to another end office 
to determine when the transmission path has deterio- 50 such as East Terminal 4. East Tenninal 4 is equivalent 
rated some amount less than catastropic failure and to to the structure shown as West Terminal 1 (except that 
then correct the problem or effect a transfer of the East Terminal 4 does not have the master BER monitor 
communication circuits before the system goes into equipment 30). Connecting the two end terrninals 1 and 
alarm and shuts down. Merely lowering the alarm 4 with through repeaters 2 and 3 are microwave links 37 
threshold level is a poor solution. Although it would 55 and 38, 43 and 44, and 45 and 46. These links and the 
detect a developing service problem, it would not be associated equipment are illustrated and described as 
able to detect if the system deteriorates to the point of single radio channels; however, in practice multiple 
catastropic system failure. Thus it is an object of this channels are commonly used with standby channels 
invention to be able to detect when a complete system available for protection purposes (e.g. a l-for-5 protec- 
failure occurs and also to detect, prior to a path failure, 60 tion system). 

when a system is deteriorating and to isolate that spe- West Terminal I accepts a plurality of digital chan- 
cific deteriorating link. nels (such as H line signals) via input paths 31 and 

qttmmapv or tot tmx/tjmtt^m conditions the signals for transmission over (W-E) path 

SUMMARY OF THE INVENTION 3? to ktermediate repeater stations 2 and 3. In addition 

The present invention provides in-service line moni- 65 West Terminal 1 processes the signals received over 
toring diagnostic technique to detect and isolate mar- (E-W) microwave path 38 and provides a plurality of 
ginal and failed digital transmission equipment within a digital channels on output paths 32 corresponding to the 
digital telecommunication system having at least two channels on input paths 31. The receiver portion of 
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microwave radio 8 demodulates the microwave signals be set up to continuously provide a visual display on the 
from repeater 2, and separates the service channel sig- master BER display 21 of the bit error rate from each 
nals out on path 51 from the remaining baseband signals station, or alternatively, may retain the bit error rate in 
applied to path 36. The transmitting portion of micro- memory for each station for visual display only on corn- 
wave radio 8 combines the digital baseband signals on 5 mand. 

path 35 with the outgoing service channel signals on The BER information is generated by each local 

path 52 and modulates the entire band of signals to BER monitor equipment (shown in FIG. 1 as 28 and 29) 

microwave frequencies for transmission over the micro- and prepared for transmission to the master BER moni- 

wave path 37. The digital terminal equipment 7 pro* tor equipment 30. In this example the West Terminal 1 

vides the basic common digital channel functions for 10 is considered to be the master terminal; however, the 

the digital transmission system (such as level coordina- East Terminal 4 or any intermediate station could also 

tion, alarm functions, etc.) The remaining functions, be used as the master terminal. At the intermediate 

shown as part of West Terminal 1, consist of the alarm station 2, the incoming microwave signals appearing on 

and control functions which are often considered to be, path 37 are received, demodulated, and demultiplexed 

along with the service channel equipment 14, part of the 15 by microwave radio 9 and then applied to the digital 

microwave radio interface. These error alarm and con- line repeater 10. The line repeater 10 regenerates and 

trol functions are provided by the local BER monitor passes the digital channels on to a East microwave T/R 

equipment 28, the master BER monitor equipment 30, 11 for transmission to a second repeater station 3 and 

and the service channel facilities 14 and 15. The service then to East Terminal 4. A portion of the digital line 

channel equipment 14 provides the drop and insert 20 signal is applied on path 61 to a standard error detector 

capability to properly interface the order wire, signal- 22 which computes the BER from the detected data 

ling, alarm functions, and user data with the digital errors. The BER number provided by the error detec- 

baseband signals in the microwave radio 8. The input tor 22 is a number such as 1.546X 10- 7 errors/second, 

and output connections to the service channel equip- Instead of applying this . BER to a threshold detector, as 

ment 14 for the bulk of these "ancillary'* service chan- 25 is done in the prior art systems, a truncated version of 

nel functions are not shown since these functions, while this number is stored in a buffer register in BER storage 

important transmission system functions, are irrelevant 23 for subsequent encoding and transmission to the 

, to an understanding of the present invention, The ser- master BER monitor equipment 30. In the preferred 

vice channels signals of interest, that is the error alarm embodiment, the most significant digit (in this example 

and control output signals, appear on path 53 while the 30 a 1) and the exponent (a— 7) are extracted via path 66 

input signals are on path 54. and loaded in the local BER storage register 23. When 

The program monitor keyboard 19, which is part of an enable signal from program monitor 19 is received 

the master BER monitor equipment 30, is the command over the service channel facility, it is applied via paths 

center for the BER monitoring function. More pre- 71 and 70 to an enable input of BER storage 23. This 

cisely, it provides via path 58 address and command 35 triggers BER storage register 23 to read out the current 

information for the "local" BER monitoring equipment truncated version of the particular BER accessed as an 

located at each of the repeaters and terminals in the 8-bit parallel word. The service channel interface 25 

transmission system and for each transmission direction, encodes the digital word representing the most signifi- 

i.e. E-W and W-E. The output signals from program cant digit and the exponent of the BER into a serial data 

monitor keyboard 19 couple through the service chan- 40 for further processing by the service channel equip- 

nel interface equipment 15. Functionally interface ment. 

equipment 15 encodes the command signal on path 58 The encoded signal on path 72 is applied through the 
(or decodes the response signal on path 51) from an 8-bit transmit portion of the service channel signalling equip- 
parallel byte into a serial bit stream signal. The encoded ment 24 to an input of the radio interface 9. Radio 9 
address and command information to the intermediate 45 upconverts the service channel signals and transmits 
stations 2 and 3 is sent, via the service channel facility them over the E-W microwave path 38 to the West 
over paths 54, 52, and 37. Program monitor keyboard 19 Terminal 1 where the current BER information is de- 
usually has both a manual mode of operation and an multiplexed and decoded before being dropped out to 
automatic or scan mode. In the scan mode it sequen- master BER store 18, thereby updating the BER infor- 
mally addresses each intermediate station and tenninal 50 mation available for that location (repeater 2), channel, 
for each direction. When the local BER monitor equip- . and direction. That BER information is stored in the 
ment at an intermediate station or terminal is addressed, particular register (memory location) for that station, 
the current BER information at that station is encoded channel and location. 

and transmitted back to the master station monitor Alternatively the local BER information stored in 

equipment 30 at West Terminal 1. 55 buffer register 23 may be accessed by the local BER 

The master BER storage unit 18 is a digital memory access keyboard 26. In virtually the same manner that 

unit that holds the latest BER information from each the program monitor keyboard 19 accesses the local 

intermediate station and tenninal. For multiple radio BER data, keyboard 26 initiates a transfer causing the 

systems, storage unit 18 stores the BER data for each data to be displayed on the local BER display unit 27. 

radio channel and direction as well as for each location. 60 (This access capability is useful to maintenance personal 

The stored BER data is updated each time a new BER wishing to locally check the BER data for a particular 

signal is received. The master BER access keyboard 20 channel.) Certainly there are numerous ways that the 

may be a standard keycircuit electrically connected to BER monitor equipment (29 and 28) could be imple- 

the master BER store 18 so that the entry of an appro- mented. For example since the data on path represents 

priate command from the keyboard 20 will cause the 65 a two-digit number, which is stored for future retrieval, 

current BER information for the selected station, chan- the keyboard 26, display 27, and storage unit 23 could 

nel, and direction to be visually displayed on the master be implement with a personal computer terminal. Since 

BER display 21. The master BER storage unit 18 may this would be wasteful of its capabilities, a customized 
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dedicated unit would be a preferred structure from an 
economic standpoint An example of such dedicated 
circuitry is made by Fujitsu Limited of Tokyo, Japan 
which manufactures the error detector 22 and storage 
unit 23 as a single "scan unit" (H16C-8004-J220). The 
same company makes the service channel interface 25 
(as "sequence unit" H16-8004-J230). 

From a system point of view, the maintenance techni- 
cian located at the West Terminal 1 has the capability of 
periodically monitoring the approximate BER of each 
link within the system. In a vert long repeatered system 
the BER will increase from one span to the next How- 
ever, the increase from one span to the next should be 
gradual and should only change slowly in time. By 
monitoring the approximate BER from one monitored 
span to the next over a long period of time, the techni- 
cian can develop a fairly good idea of the performance 
of the digital system. If however, one span starts to 
increase with time dramatically, this is an indication 
that some piece of equipment is perhaps beginning to 
malfunction. (Microwave path fades can readily be 
distinguished, by experienced maintenance personnel, 
from the system malfunctions which would deliteri- 
ously affect the BER. For example since a fade should 25 
affect the BER in both transmission directions, by 
checking the approximate BER in both directions the 
fade problem can be distinguished from the other equip- 
ment failure problems.) This knowledge enables mainte- 
nance personnel to troubleshoot the system, locate the 
potentially defective unit, and replace it from available 
spares, and thereby avoid a system shutdown at an 
inappropriate time. 

While the invention has been described with refer- 
ence to its preferred embodiments, it will be understood 
by those skilled in the art that various changes may be 
made and equivalents may be substituted for elements 
thereof without departing from the true spirit and scope 
of the invention. 

In addition, many modifications may be made to 40 
adapt a particular situation or material to the teaching 
of the invention without departing from its essential 
teachings. 

What is claimed is: 

1. An in-service method of detecting marginal and ^ 
failed transmission equipment in a digital telecommuni- 
cation system having at least one repeater and two end 
terminals, comprising the steps of: 
monitoring the BER (bit error rate) of the digital line 
signals at predetermined repeater and terminal 
locations; 

storing and truncating at each of said predetermined 
terminal and repeater locations of the monitored 
BER such that at least the most significant digit 
and the exponent are included; 

encoding the stored data at each of said locations for 
transmission over said telecommunication system; 

transmitting said encoded data from each of said 
monitored repeater and terminal locations to a 
predetermined terminal; 

receiving at said predetermined terminal said en- 
coded data from each of said monitored locations; 

decoding each encoded data from each monitored 
location; 

storing the decoded data representing the truncated 
version of the monitored BER therefrom; 
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periodically repeating at least once each of the above 
steps in sequence; 

selectively comparing at least one stored truncated 
BER number monitored from a previous time with 
a stored truncated BER number monitored at a 
subsequent time from the same monitored location, 
said comparison providing an indication of mar- 
ginal or failed equipment and of the fault location 
thereof. 

2. A method as in claim 1, including the step of: 
selectively comparing at least one stored truncated 

BER number from a particular monitored location 
with stored truncated BER numbers at other moni- 
tored locations, said comparison providing an indi- 
cation of system performance. 

3. A method as in claim 2 wherein said transmitting 
step is performed upon request issued from said prede- 
termined terminal. 

4. A method as in claim 3 wherein said monitoring 
step is performed at each repeater and terminal location 
in the telecommunication system. 

5. A method as in claim 2 wherein said transmitting 
step is performed automatically and in sync with the 
transmissions from the other monitored locations. 

6. A method as in claim 4 wherein the first storing and 
truncating step stores a number equal to the most signif- 
icant digit and the exponent of said monitored BER. 

7. A diagnostic test procedure to determine the loca- 
tion of potentially malfunctioning equipment in a digital 
telecommunication system having at least two end ter- 
minals and at least one repeater location, said test proce- 
dure comprising the steps of: 

monitoring the BER (bit error rate) of the digital line 
signals at each repeater and terminal location; 

storing and truncating at each of said locations the 
monitored BER such that the most significant digit 
and the exponent are included; 

encoding the stored BER data at each of said loca- 
tions for transmission over said telecommunication 
system; 

transmitting said encoded data from each of said 
locations to a predetermined location; 

receiving at said predetermined location said encoded 
data from each of said monitored locations; 

decoding each encoded data from each monitored 
location; 

storing the decoded data representing the truncated 
version of the monitored BER therefrom; 

periodically repeating at least once each of the above 
steps in sequence; 

selectively comparing at least one stored truncated 
BER number from a particular monitored location 
with stored truncated BER numbers at other moni- 
tored locations, said comparison providing an indi- 
cation of the location of potentially malfunctioning 
equipment 

8. A method as in claim 7, including the step of: 
selectively comparing at least one stored truncated 

BER number monitored from a previous time with 
a stored truncated BER number monitored at a 
subsequent time from the same monitored location. 

9. A method as in claim 8 wherein said transmitting 
step is performed upon request issued from said prede- 
termined location. 

10. A method as in claim 9 wherein said predeter- 
mined location is a predetermined repeater location, 

***** 
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